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Abstract 
The loss of full functional ability in the lower leg and the loss of peroneal nerve 
control have caused many sufferers to desire a better brace. The condition, known as 
“drop foot”, has been successfully treated with molded plastic orthotics for some time. 
However, the orthotics used for this has not undergone major revision in decades. The 
only notable change in orthotics has come in the areas of materials and assembly. These 
small changes did little to reduce the bulk and weight of the brace. 
One can develop drop foot in a number of ways, including stroke, injury to the 
peroneal nerve group, and birth defects. The loss of control leads to devastating results in 
the walking gait. Just after heel strike, the toes move towards the ground in an 
uncontrolled motion causing the toes to “slap“ the ground. An additional symptom is 
observable between toe off and the swing phase. Since the muscles are unable to lift the 
toe upwards to clear the ground, the toes drag. 
Current solutions involve locking the ankle at a rigid ninety-degree angle; 
however, this allows little to no movement in the joint and can lead to atrophy of the 
lower leg muscles. Our proposed idea consists of using Functional Electrical Stimulation 
to stimulate the lower leg muscles to contract and lift the foot in a manner similar to the 
wearer’s natural foot motion. Currently, many universities, societies and biomedical 
organizations are steering in this direction as the next step in prosthetic and orthotic 
development. This support is a strong indication to the feasibility associated with the 
project design. One alternative method consists of using a combination that would 
incorporate functional electrical stimulation and actuators to assist with gait control. 
An engineering analysis was completed to ascertain that the materials selected 
were functional, cost effective, and meet the design parameters. The design process has 
taken into consideration functionality assessment, cost, reliability, comfort, and overall 
performance. 
I. Introduction 
A. Drop Foot Background 
Drop foot is a deceptively simple name given to what is often a complex problem. 
Drop foot is characterized by the loss of control of the peroneal muscles located in the 
lower leg and ankle (see Figure 1). This occurs when the signals produced from the brain 
do not reach the nerves that activate the peroneal muscles. Drop foot occurs in all age 
groups, but is most commonly found in males at a male – to – female ratio of 2.8 to 1. As 
a wide variety of conditions can cause drop foot, they are generally separated into three 
categories: neurological, muscular, and anatomical. The various categories are often 
found in combination. Within the Neurological category, the two most common causes 
of drop foot are stroke and direct trauma to the peroneal nerve. Of the associated 
anatomical impairments, cerebral palsy is one of the most well known causes. Drop foot 
caused exclusively as a result of muscular impairment is rare and is usually associated 
with another category. 
Figure 1 Location of Peroneal Nerve 
The treatment of drop foot is normally dependent on the specific cause. While it 
can sometimes be cured surgically, most often the treatment used is an ankle-foot 
orthotic. The majority of current orthotics locks the foot at a ninety-degree angle. 
Currently, the state of the art orthotics consists of a ridged, polypropylene shell that 
extends to mid calf (See Appendix A for illustrations). As a result, there is virtually no 
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ankle movement during use. This reduction of ankle mobility can lead to atrophy of the 
muscles involved. 
Muscle paralysis and immobilization results in the lost of muscle tone, known as 
atrophy. To remove the threat of atrophy, we propose to create a dynamic brace that 
moves the foot through the application of electrical pulses. These electric impulses will 
assist the muscles used in dorsiflexion and create an effective tool for a more normalized 
walking gait. 
B. Gait Analysis 
Research involving the biomechanical study of the walking gait provides real life 
analysis of the effects of drop foot. The underlying forces and stability information are 
taken into account when designing the appropriate brace. 
“The walking gait is a systematic movement of the lower limbs to provide 
locomotion” (Perry, 1992). The gait cycle is divided into the stance and the swing phases 
(Figure 2). The onset of stance occurs with an initial contact known as “heel strike.” The 
end of the stance occurs by roll-off of the toes known as “toe-off.” The swing phase 
begins when the toes have left the floor and ends when the foot has made contact with the 
ground once again. 
Figure 2: Divisions of the gait cycle. Clear bar represents the duration of stance. Shaded 
bar is the duration of swing. Limb segments show the onset of stance with initial contact, 
end of stance by roll-off of the toes, and end of swing by floor contact again. 
The walking gait can also be considered as a combination of five components: 
three within the stance subdivision and two within the swing subdivision. The three 
components of the stance are initial double stance, single limb stance, and terminal 
double limb stance. The swing phase is comprised of the swing component and ends 
with the double limb stance. The initial double stance occurs when both feet are on the 
floor after initial contact. Single limb stance occurs when the opposite foot is lifted for 
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the swing. Terminal double stance takes place when floor contact by stance limb results 
in contralateral initial contact. 
“The gross normal distribution of the floor contact periods is 62% for the stance 
and 38% for the swing.” (Perry, 1992). Precise duration of the walking gait varies due to 
a walking velocity. It is expected for the average person to have an 80 meter per minute 
walking rate. A drop foot patient will have a reduction in walking rate of approximately 
20% (Perry, 1992). The deviation from the normal walking gait is known as gait 
deviation. Gait deviation is also visible in individuals with drop foot. The deviation can 
be categorized as a result of inadequate activation of the dorsiflexor muscles. 
In cases of drop foot, initial contact is once again made with a low heel strike. 
The ankle is involved in excessive plantar flexion. The patient tends to walk with an 
exaggerated flexion of the hip and knee to prevent the toes from catching on the ground 
during swing phase. During gait, the force of heel strike exceeds body weight, and the 
direction of the ground reaction vector passes behind the ankle and knee center (Figure 
3). This causes the foot to plantar flex, and if uncontrolled, to slap the ground. 
Lengthening of the anterior tibialis, which controls plantar flexion, absorbs the shock of 
heel strike (eMedicine Specialties). Injury to the dorsiflexors, or to any point along the 
neural pathways that supply them, can result in drop foot and a deviation from a 
normalized walking gait. 
Figure 3: Foot drop. Diagram of the ground reaction vector during heel strike. 
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II. Statement of Work 
A. Proposed Solution 
As stated earlier, drop foot can stem from a variety of causes. However, the 
fundamental issue in most cases is the lack of muscular response during the walking gait. 
With most cases of drop foot, the muscles would still function if they were capable of 
receiving signals from the nerve junctions. 
Functional electrical stimulation (FES) has been used for years in the 
rehabilitation of muscles after injury or surgery; however, the treatment has yet to be 
used within an orthotic. The basic principle of FES is to pass an electrical current 
through the muscle to cause a contraction. The strength of that contraction is dependent 
upon the strength of the current. Two or more electrodes are placed near the nerve 
endings of the muscles for maximum contraction. 
In a study done by Helmut Kern (Kern, 2002), it was demonstrated that FES can 
reverse the effects of atrophy up to 15 to 20 years after injury. The amount of lapse time, 
between the date of injury and that of starting FES, can be correlated to the amount of 
time that the person would need to spend training the muscle. 
At this time, we are proposing to create an orthopedic using the principles of FES, 
to eliminate several problems that current orthotics create. The first benefit of using FES 
is that it will eliminate the effects of atrophy in the muscles, as well as stimulate muscle 
growth. The brace that we propose will eliminate the ridged, bulky plastic braces all 
together. Instead, it will be made of a three main parts; an over the counter ankle brace, 
knee brace, and mounted hip unit (see Appendix D). This new design should fit into any 
shoe, and can be hidden completely under clothing. 
B. Design Feasibility 
This design is possible within the confines of current technology and in the time 
frame given. The conceptual design will advance to a complete detailed design including 
a working hardware prototype. The feasibility study has involved taking a broad 
approach in our ideation process. It also involved narrowing down the selections till we 
reached what is now our planned bracing system. Many different components were 
researched in order to find the best fit for the project parameters. A cost analysis was 
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then performed to estimate the total cost involved in planning, designing, and building a 
project of this scope. Components of this planned device were deemed to be reasonable 
and affordable. The project involves mathematical modeling to obtain the results needed 
for further advancement of the product design. This project agrees with all physical laws. 
Research in orthotics is still within the state of clinical development. Many of the 
advancements made within the last couple of decades have been technical. Very few 
advances in fundamental principles have occurred since the termination of significant 
government funding for orthotics research and development in the 1960’s. The current 
project direction seeks to engage in a newer technology known as functional electrical 
stimulation (FES). The inclusion of functional electrical stimulation into the design is 
strongly backed by current and ongoing research and development. Currently, many 
universities, societies, and biomedical organizations are conducting research in the area 
of functional electrical stimulation as a next step in prosthetic and orthotic development. 
This support is a strong indication to the feasibility associated with the project design. 
Finally, basic research fitting criteria, energy consumption, material use, and 
functional ability have all provided reasonable results. 
C. Project Testing 
Research and equipment arrangements have been made through Drexel 
University. Meetings with professors, doctors, research assistants, and personnel with 
expertise in biomedical areas will be of great importance in the effort to reach all the 
project goals. Project goals will consist of constructing a prototypical model that can be 
tested in a real world scenario. 
Access to the Temple Gait Lab has been obtained for the purposes of testing. The 
Gait Lab is a state of the art facility that will allow the testing of a prototype on human 
subjects. Test subjects will be monitored using state of the art visual and pressure 
sensitive electronic equipment. Real world application information will then be obtained. 
New information from these studies will allow refinement of the design to reflect the 
needs of the patients who wear and test the devices. Successful outcomes will be judged 
based on the criteria of performance, durability, and ease of use. The prototype model 
must perform within the stringent limits of the discrepancies that occur in many drop foot 
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patients. Along with improving the walking gait of the individual, the model must hold 
up physically during testing. Finally, the product must be able to be fitted with little to 
no help from outside sources. The project team will consider these criteria as well as the 
ultimate goal of providing a device that decreases gait deviation as a new form of drop 
foot treatment when evaluating the success of the project. 
D. Considerations for Alternatives 
The current project design focuses on the use of functional electrical stimulation 
for brace force supplication. Alternative methods include improvement upon the current 
orthotic brace with the inclusion of a moveable ankle joint along with force supplying 
actuators that apply a motion-assist during the walking cycle. Material enhancements are 
also a consideration. 
Finally, a combination could be developed incorporating the use of both 
functional electrical stimulation and actuator assists that are controlled by multiple 
sensors. All of these considerations bear in mind the undeniable factors of weight, cost, 
reliability, comfort, and overall performance. 
III. Project Management Timeline 
The goals and timeline for this project are as follows in the Gantt chart (see table 
1). Some of the dates overlap as members of the group will devote themselves to 
individual tasks where appropriate. The most significant amount of time will be 
dedicated to programming and incorporation of a microcontroller. The microcontroller, 
in conjunction with pressure sensors within the shoe, will control the FES unit. Second 
to this in regards to schedule will be the development of testing parameters and methods. 
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IV. Economic Analysis 
The first step in the economic analysis was to price all components that will be 
needed for the project design. For each component, an average price was considered 
from several manufactures prices. This was done to give the most accurate economic 
forecast possible (See Table 1.). While fluctuations in the final price for the design may 
occur, the total price will be comparable to what is currently on the market. 
The pressure sensor will need to be constructed due to the lack of a current 
product that will fit the needs for the project. Currently the group is considering two 
types of knee braces to house the electrodes (See Appendix D for illustrations). Both 
braces are similar in price; however, reactions between the brace and knee during 
movement are still being evaluated. The knee brace was added to make the overall drop 
foot brace, more user friendly. The ankle brace was chosen because it gave the ankle a 
minor amount of support and combined the use of a visco-elastic material. Finally, the 
price of the FES unit is given under the assumption that a TENS unit can be modified to 
produce the output needed. If forced to use an FES unit, an additional cost of $200 to 
$300 dollars would be added to the total price. Due to these prices, the project group 
believes that the proposed device is not only attainable, but affordable. 
Total 
Unit Number Price per number Price 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
3 Pressure sensor 
Velcro 
micro-controller 
board 
input/output pins 
Power supply for Micro-controller 
basic knee brace 
basic ankle brace 
FES Electrodes 
Wire 
FES Unit 
3 
1 yard 
1 
1 
2 
1 
1 
1 
4 
5 
1 
$20.00 
$0.47 
$10.00 
$8.00 
$0.25 
$13.00 
$18.50 
$27.95 
$2.50 
$0.11 
$250.00 
$60.00 
$0.47 
$10.00 
$8.00 
$0.50 
$13.00 
$18.50 
$27.95 
$10.00 
$0.55 
$250.00 
Total Price $398.97 
Table 1: Pricing of components 
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V. Societal and Environmental Impact Analysis 
While examining the various choices, we could find no ethical or social 
considerations for this project. This product would be used only for individuals who meet 
specific medical criteria. 
VI. Conclusion: 
Initiation of the current design will help to hopefully provide a stepping-stone in the 
advancement of the ideas surrounding the incorporation of functional electrical 
stimulation into a functional drop foot-bracing device. As interest in researching new 
drop foot applications in particular is limited, the work will hopefully help the progress of 
the current trend in this particular field. The impact that the proposed device will make 
may not be tremendous, and may not be tomorrow’s cure all, but will hopefully help 
ignite the spark of interest in years to come. 
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Appendix A: Current Braces on the Market 
Appendix A, Figure 1: Example of top of the line brace made by Rothschild's Orthopedic Appliances 
Appendix A, Figure 2: Second Brace on the Market 
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Appendix B: Gantt Table 
TASK 
1.) Start Senior Design 
2.) Decide on project 
3.) Meet with Dr. Siegler 
4.) Background Research on Drop Foot 
5.) Review Last Years Project 
6.) Research Method for Solution 
7.) Decide on Method for Solution 
8.) Written Pre-Proposal Due 
9.) Pre-Proposal Due 
10.) Define Testing Methods 
11.) Decide on Constraints for Project 
12.) Begin basic design 
14.) Decide on Components for Project 
16.) Research Components 
15.) Proposal Due 
16.) Meet with Dr. McDonnell 
17.) Meeting at Temple Gait Lab 
18.) Write and Correct Proposal 
19.) Presentation Due 
20.) Prepare Presentation Materials 
21.) End of Fall Term 
22.) Write Program Definition for Microcontroller 
23.) Build Microcontroller for FES unit 
24.) Write the program for Microcontroller 
25.) Test Microcontroller 
26.) Analyze Power Output Need for FES 
27.) Finalize Exact Location for FES Probes 
28.) Analyze and Record Output Data for FES 
29.) Begin Building Prototype 
30.) Write and Correct Progress Report 
31.) Design and Write Progress Presentation 
32.) Present Progress Report 
33.) Progress Report Due 
34.) End of Winter Term 
35.) Begin Testing Prototype at Temple Gait Lab 
36.) Correct Design of Prototype 
37.) Retest Prototype 
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START DATE 
9/22 
9/22 
10/8 
10/8 
10/8 
10/10 
10/14 
10/16 
10/20 
10/20 
10/25 
10/31 
11/5 
11/5 
11/5 
11/6 
11/12 
11/14 
11/14 
11/19 
11/19 
1/3 
1/10 
1/24 
1/3 
1/3 
1/3 
1/11 
2/4 
2/23 
2/23 
3/1 
3/8 
3/20 
3/29 
4/14 
4/21 
DURATION 
0.1 
14 
11 
11 
15 
10 
4 
0.9 
3 
4 
7 
4 
5 
4 
0.5 
0.5 
10 
10 
11 
11 
7 
14 
10 
31 
6 
8 
21 
31 
7 
7 
5 
4 
0.5 
16 
7 
7 
END DATE 
9/22 
10/6 
10/8 
10/19 
10/19 
10/25 
10/24 
10/20 
10/20 
10/23 
10/29 
11/7 
11/9 
11/10 
11/9 
11/6 
11/12 
11/24 
11/24 
11/30 
11/30 
1/10 
1/24 
2/3 
2/3 
1/9 
1/11 
2/1 
3/7 
3/1 
3/1 
3/6 
3/12 
3/20 
4/14 
4/21 
4/28 
38.) Write Up Future Work Section 
38.) Project Abstract Due 
39.) Final Project Report Due 
40.) Final Project Presentation 
4/28 3 5/1 
4/8 0.5 4/8 
5/10 0.5 5/10 
5/17 0.5 5/17 
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